BACKGROUND: Open mouthpiece ventilation is efficacious in patients with neuromuscular disease. We used this ventilation technique in patients with exacerbations of COPD with mild to moderate acidosis. METHODS: The study was performed in 2 respiratory monitoring care units. Fifty subjects with exacerbations of COPD, breathing frequency > 25, P aCO 2 > 45, and pH between 7.25 and 7.30, as well as Kelly scale < 2 were enrolled. Subjects were randomly assigned to receive noninvasive ventilation (NIV) via nasal mask or mouthpiece ventilation. The primary outcome was improvement in arterial blood gases. Arterial blood gases and breathing frequency were recorded 2 h after the start of the enrollment and then after 12, 24, and 48 h. The duration of NIV, hospital stay, and acceptability of the interface (mouthpiece or nasal mask) using a Likert scale were assessed. RESULTS: No subjects had deterioration of gas exchange. The 2 groups had similar trends in arterial blood gases and breathing frequency. No differences in duration of NIV or hospital stay were noted. However, a significant difference in acceptability was found: subjects preferred mouthpiece ventilation (P < .01). CONCLUSIONS: Open mouthpiece ventilation is a useful technique and may prevent further deterioration of gas exchange in COPD patients with mild to moderate acidosis (similar to traditional NIV delivered by a nasal mask). www.chictr.org registration ChiCTR-TRC-12002672.
Introduction
Noninvasive ventilation (NIV) is an effective therapy to relieve dyspnea and decrease the work of breathing; it improves gas exchange in patients with acute respiratory failure. It is highly effective for improving gas exchange and avoiding endotracheal intubation, especially in patients with an exacerbation of COPD. 1 The rate of NIV failure remains high in observational studies (approximately 40%) and is directly related to severity of respiratory failure. NIV has a high success rate (approximately 85%) in mild to moderate respiratory acidosis. 2 Failure SEE THE RELATED EDITORIAL ON PAGE 1951 can occur for several reasons, including severity of illness, poor tolerance to NIV, and inability to correct hypercapnic acidosis in the first hours of treatment. 1, 2 Patient tolerance can also be influenced by the shape and fit of the interface. 3, 4 Using different masks in the same patient can be helpful in promoting tolerance. 3, 4 Nasal masks are used less often than oro-nasal masks in acute respiratory failure, because the latter are considered (by some authors) faster in lowering CO 2 . 4 Other reasons for using different masks may involve patient comfort and/or economic factors. 6 Few clinical studies have compared the effects of different interfaces during NIV in the treatment of acute respiratory failure. 1, 4 The aim of this study was to compare the efficacy of nasal mask ventilation with mouthpiece ventilation in subjects with mild to moderate acidosis due to exacerbation of COPD.
Methods

Setting
The study was carried out in the respiratory and emergency medicine units of Hospital of Lavagna and Sestri Levante (Liguria, Italy) from September 2011 to December 2012. Each unit has 4 noninvasively monitored beds and admits patients with severe respiratory failure who need NIV. The study was carried out according to the Helsinki Declaration and received the approval of the institutional review committee; each subject gave written informed consent.
Aim of the Study
The goal of the study was the comparison of 2 different devices (nasal mask vs angled mouthpiece) on respiratory parameters: improvement of arterial blood gas analysis, breathing and heart rate, NIV duration, length of hospital stay, and tolerance in subjects with COPD exacerbations leading to moderate acidosis (pH 7.30 -7.25).
Criteria for Inclusion and Exclusion
Sixty-seven subjects (41 males and 26 females) from 66 to 79 y of age (mean 72.6 Ϯ 4.3) with COPD exacerbation leading to hypoxemia and moderate respiratory acidosis (P aCO 2 Ͼ 50 and arterial pH between 7.30 and 7.25), 7 breathing frequency Ն25 breaths/min, and almost normal levels of consciousness (Kelly scale Յ 2) were eligible for inclusion in the study. Diagnosis of COPD was based on the presence of air flow obstruction observed in previous pulmonary function tests and the severity of the disease according to the Global Initiative for Chronic Obstructive Lung Disease (GOLD) criteria. 8 The criteria for patients' exclusion have been reported previously 9 and are reported in the study protocol. Fifty patients were eligible for inclusion. Subjects' study flow chart is shown in Figure 1 .
Criteria to start NIV followed clinical practice guidelines previously published: moderate to severe dyspnea, clinical signs of increased work of breathing (breathing frequency Ͼ 25 breaths/min and use of accessory muscles of respiration), and arterial blood gases analysis showing a respiratory acidosis (P aCO 2 Ͼ 45 mm Hg and pH Ͻ 7.35 but Ͼ 7.25). 7, 8 Criteria for exclusion were: lack of spontaneous breathing, anatomical or functional airway obstruction, gastrointestinal bleeding or ileus, coma or impairment of consciousness (Kelly Ͼ 2), massive agitation, massive retention of secretions, severe hypoxemia and acidosis (pH Ͻ 7.25), hemodynamic instability, anatomical and or subjective difficulty gaining access to the airway, or recent upper gastrointestinal surgery. 9, 10 The 50 subjects who met the study criteria were randomized in 2 groups. A randomization plan was generated by a statistician not involved in the study using a computer's random number generator. The randomization was provided to the recruiting physicians in sealed envelopes.
Subjects in group A received NIV delivered via nasal mask (ComfortGel, Philips Respironics, Murrysville, Pennsylvania) with use of a chin strap only if the subject was unable to keep his/her mouth closed. Subjects in group B were treated with NIV delivered via angled mouthpiece without lip seal fixation 11 (22 mm mouthpiece, Philips Respironics) (Fig. 2) . A nose clip was applied. Each subject had to hold the mouthpiece firmly in the mouth to avoid leakage. Open circuit mouthpiece ventilation was applied as in a protocol previously described. 10 A pressure support mode with Vivo 50 ventilator (Breas Medical, Gothenburg, Sweden) with a circuit with intentional leaks was used in the both groups.
At the start of NIV, each subject was propped up to a 45°angle. The initial setting of ventilation was 10 cm H 2 O pressure support and 5 cm H 2 O PEEP with oxygen inspiratory flow 3 L/min. 7, 9, 10 Further adjustments were car-
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Current knowledge
Noninvasive ventilation is an effective therapy to relieve dyspnea, decrease the work of breathing, and improve gas exchange in patients with acute respiratory failure and COPD. Oro-nasal and nasal masks are most commonly used, although a wide variety of appliances are currently available. The use of mouthpiece ventilation may be attractive for improving patient comfort and reducing skin breakdown.
What this paper contributes to our knowledge
In a group of subjects with a COPD exacerbation and moderate acidosis, the use of mouthpiece ventilation resulted in similar blood gases, duration of ventilation, and stay compared with oronasal mask. Subjects expressed a statistically significant preference for mouthpiece ventilation as judged by increased comfort.
ried out to achieve a tidal volume of 6 -8 mL/kg and to maintain oxygen saturation during ventilation Ͼ 90%.
Parameters that were recorded at admission and after 2, 12, 24, and 48 h were arterial blood gases (ABGs), breathing frequency, heart rate, and dyspnea (Borg scale). After starting treatment, each subject was closely monitored for breathing frequency, heart rate, blood pressure, level of consciousness (Kelly scale), and continuous arterial oxygen saturation using pulse oximetry.
Presence of sustained clinical improvement with reduction of breathing frequency Յ 24 breaths/min and heart rate Յ 100 beats/min, normal pH (Ն 7.35), P aCO 2 Յ 55 mm Hg and oxygen saturation % Ն 90 were required to consider NIV successful. 12 Subjects who deteriorated in terms of ABGs (increasing P aCO 2 , decreasing pH, level of consciousness (Kelly scale Ն 4), and/or hemodynamic instability (systolic arterial pressure Ͻ 90 mm Hg) within 2 h of starting NIV as well as those intolerant to the NIV device were dropped from the study (NIV failure). 10 These subjects were evaluated for NIV with NIV platform ventilator through another device (oro-nasal mask, full face mask) or for intubation. 10 Subject's discomfort and intolerance to mask or to mouthpiece was assessed using a Likert scale. 6, 13 Each subject was encouraged to use NIV up to 16 h per day. NIV was discontinued for eating and drinking; it was less frequently discontinued during the night as described in a previous protocol. 10 An interlocking support system was combined with the ventilator breathing circuit during the night. The support system could be attached to various surfaces in many configurations with the use of a clamp designed for use on flat or rounded surfaces. The interlocking support circuit could be adjusted to enhance comfort and accessibility to permit mouthpiece ventilation also during sleep periods. The primary outcome of the study was the change in ABGs. The secondary outcomes were the change in cardiorespiratory parameters (breathing and heart rate), dyspnea (Borg scale), NIV duration, hospital stay, and tolerance of the device evaluated using a Likert scale. The Likert scale consists in a 5-point scale which measured the level of subject's comfort to the mask (ranging from 1 ϭ irrelevant to 5 ϭ very important). 6 
Data Analysis
Differences in ABGs, pH, P aCO 2 , and P aO 2 as well as breathing frequency, heart rate, and dyspnea (Borg scale) were assessed in the 2 groups. These parameters were recorded 2 h after enrollment, and then after 12, 24, and 48 h (our independent statistician used trend analysis to evaluate these parameters).
In addition, we evaluated and compared the duration of NIV and hospital stay. Acceptability of the interfaces (mouthpiece or nasal mask) was assessed using the Likert scale. Continuous variables are expressed as mean Ϯ SD, and categorical variables are expressed as median with interquartile range. Frequency distributions were compared by using chi-square test and regression analysis (corrected for age and forced vital capacity) for continuous variables and Wilcoxon test for categorical variables. P Յ .05 was considered statistically significant. Data analysis was made with R-Project statistical software (version 2.13.2).
Results
Fifty subjects (26 males and 24 females) completed the study. The baseline characteristics of the 2 groups are shown in Table 1 . In the nasal mask group (N), the mean 
Primary Outcome
None of the subjects presented deterioration of gas exchange in the first 2 h. The most striking effect of NIV on the ABG was noted in the first 2 h. The differences in the pH and P aCO 2 were statistically significant. The mean pH rose from a baseline of 7.26 Ϯ 0.02 to 7.33 Ϯ 0.02 in the nasal mask group (P Ͻ .01) and from 7.25 Ϯ 0.04 to 7.34 Ϯ 0.03 in the mouthpiece group (P Ͻ .01). Mean P aCO 2 fell from a baseline value of 79.3 Ϯ 3.0 to 62.8 Ϯ 2.9 in the nasal mask group (P Ͻ .01) and from 78.67 Ϯ 3.9 to 58.8 Ϯ 3.6 in the mouthpiece group (P Ͻ .01). In Figure 3 , we report the trend analysis of pH, P aCO 2 , and P aO 2 for the 2 groups.
Secondary Outcomes
Together with the ABG, the other respiratory parameters (breathing frequency, heart rate, Borg scale) improved but not enough to be statistically significant ( Table 2 ). The mean NIV duration and hospital stay were similar in the 2 groups: 79.5 Ϯ 10.3 h and 6.2 Ϯ 1.9 d, respectively, in the nasal mask group and 82.4 Ϯ 11.9 h and 6.4 Ϯ 2.0 d, respectively, in the mouthpiece group. Of the 25 subjects in the nasal mask group, 2 developed nasal skin breakdown.
Two of the 25 subjects in the mouthpiece group complained of gastric distention.
Finally, a significant difference in device acceptability (using the Likert scale) 6, 13 was found: the median score was 3 (2-3) in the nasal mask group versus 4 (3-4) in the mouthpiece group (P Յ .01). The differences in the Likert score are shown in Figure 4 .
Discussion
The use of NIV in patients with COPD exacerbations and respiratory acidosis (pH Ͻ 7.30) outside ICU is well established practice. The most commonly used interfaces are oro-nasal (full face) and nasal masks. Total face mask, helmet, nasal pillow, and mouthpiece [14] [15] [16] are also used. Failure of NIV is often associated with poor tolerance of the interface. Several factors such as pain, excessive pressure on facial skin, leaks, anxiety, secretions, and asynchrony between the patient and the ventilator are commonly mentioned. 17 Oro-nasal masks are the most commonly used interfaces, but they may be responsible for skin damage, pain, and anxiety. 4, 18 Most of these disadvantages could be avoided by the use of a mouthpiece or a nasal mask. 4, 18, 19 Mouthpiece ventilation can be considered the precursor of NIV and was tried in patients with neuromuscular diseases or severe kyphoscoliosis to improve ventilation and reduce work of breathing in the early 1950s. 20, 21 In COPD patients, only one study is available 
MOUTHPIECE VS NASAL NIV IN COPD
concerning the use of NIV via mouthpiece. It demonstrated comparable results to NIV via nasal mask in terms of reduction of endotracheal intubation rate and arterial blood gas analysis. 11 The benefits of nasal mask NIV as first-line treatment in COPD patients with hypercapnic respiratory failure have been widely demonstrated. [22] [23] [24] Even if the improvement in blood gas analysis appeared to be very similar, confirming the comparable efficacy of these 2 ventilatory modes, the 2 approaches have certain advantages and disadvantages. NIV via mouthpiece requires a higher level of patient cooperation. The subject must keep the mouth closed to avoid air leakages. (The mouthpiece cannot be used in case of severe hypercapnic encephalopathy.) Moreover, it requires a better understanding of its strategy and technique: compliance and cooperation are necessary. Thus, a longer learning period for the patient is required. Greater nursing time and work load is NIV ϭ noninvasive ventilation T0 ϭ start of NIV T2 ϭ 2 h after start of NIV T12 ϭ 12 h after start of NIV T24 ϭ 24 h after start of NIV T48 ϭ 48 h after start of NIV N ϭ nasal ventilation group M ϭ mouthpiece ventilation group HR ϭ heart rate b ϭ beats f ϭ breathing frequency P/F ϭ P aO2 /F IO2 ratio required. 10, 17 Moreover, an additional increase in work load for nurses and respiratory therapists is necessary in the first hours of NIV to check the correct positioning of the nose clip and the mouthpiece of the patient to avoid air leaks. 10 A nasal mask can be used also in somnolent patients (Kelly scale up to 3). It provides high levels of ventilation pressure with few leaks, requiring less cooperation. The nasal mask makes speaking, eating, and coughing difficult. 4 Moreover, it requires upper airway patency. 4, 10, 25, 26 NIV delivered both via mouthpiece and via nasal mask reduces ABG parameters and respiratory parameters (breathing and heart rate, and dyspnea according to Borg scale) equally well. This study shows results similar to Glerant et al, 10 which used mouthpiece ventilation in a cohort of subjects with COPD. Nasal mask and mouthpiece use produced a statistically significant lowering of P aCO 2 and pH with a NIV success rate of 93.1% in the mouthpiece group. The authors conclude their study with the statement that mouthpiece ventilation appears to be a second-line alternative to NIV delivered via a mask. We have found a higher NIV success rate, although the pH at admission of our subjects was lower than in the study by Glerant et al 10 (7.27 Ϯ 0.09 vs 7.29 Ϯ 0.04 in the nasal mask group and 7.26 Ϯ 0.01 vs 7.30 Ϯ 0.01 in the mouthpiece group). These results depend on the expertise of medical and nursing staff skill. 27, 28 Tolerance was one of the secondary end points: mouthpiece ventilation had a greater score than nasal mask ventilation. This result was statistically significant (P Ͻ .01) (in contrast to the results of the study by Schneider et al). 17 In this study, which compared the tolerance of face mask versus mouthpiece for NIV, both devices could be effective; however, the comfort was decreased and the tolerance was lower for the mouthpiece. 17 We are aware that oro-nasal mask is preferred mainly in the initial phase of NIV. 9 It is used in between 51.6% and 67.2% of cases, whereas a nasal mask is used in 1.6 -14.8% of cases. 6 We have chosen to use nasal mask and mouthpiece (contrary to the unanimous agreement of most European clinicians) 6 , because they have some similar advantages and disadvantages. 4 We followed the pilot study by Glerant et al 10 with some differences. Our study was not carried out in an ICU, enrolled subjects with more severe symptoms, had different outcomes, and used an angled mouthpiece. This is the first study where an angled mouthpiece has been used. This appliance permits a firmer seal inside the mouth and fewer air leaks.
Our study is also the first randomized study of mouthpiece ventilation in subjects who have COPD with respiratory failure, but it has some limitations. It does not include a control group with standard medical therapy. This was not possible for ethical reasons. NIV is considered the therapy of choice for COPD exacerbations with respiratory acidosis. 10, 12, 14, 27 It would be unethical to deprive any patient of NIV, if he or she is a candidate. Ours is a referral center for patients with sleep-related respiratory disorders and neuromuscular diseases: both mouthpiece and nasal mask are widely used. Our staff has considerable experience in managing ventilation in patients with sleep disorders, with COPD, and, above all, with neuromuscular diseases using mouthpiece ventilation. Therefore, our results cannot be extrapolated to other less focused settings.
Conclusions
NIV could be considered the accepted standard modality for management of patients with exacerbations of COPD because it leads to a rapid and long lasting improvement in blood gas values and reduces intubation in this large group of patients. Oro-nasal and nasal masks are the interfaces most widely used. We have shown that the mouthpiece could represent a very useful alternative because it reduces claustrophobia, skin breakdown, and pain. Our subjects found it more comfortable. The mouthpiece should be considered as an alternative to the oro-nasal mask in moderate acidosis, especially when the mask is poorly tolerated. It should, therefore, be the second-line alternative to traditional interfaces.
